INTRODUCTION
============

In Japan, cedar pollinosis is one of the most prevalent forms of seasonal allergic reaction caused by the pollen of the cedar tree (*Cryptomeria japonica*). In spring, many patients with cedar pollinosis experience more severe symptoms, including rhinitis and/or conjunctivitis, accompanied by pollen-specific immunoglobulin E (IgE) production for longer periods of time, compared with other pollen allergies.^[@r01]^ Cedar pollinosis patients started to appear in the 1950s, and the number of patients has increased gradually since the 1970s.^[@r02],[@r03]^ In the nationwide epidemiological surveys conducted by the same authors, the prevalence rates of self-reported diagnosis of cedar pollinosis were 17.4% in 1998 and 26.5% in 2008.^[@r04],[@r05]^

To our knowledge, only one prospective study has been conducted to examine whether cedar pollinosis is associated with mortality.^[@r06]^ The study indicated that people who reported having a diagnosis of cedar pollinosis were at a significantly lower risk of all-cause mortality among middle-aged and elderly Japanese. Physician-diagnosed pollinosis may largely depend on more frequent visits to the doctor and higher health consciousness. Furthermore, some people may not realize that they have this disease, despite having symptoms. Therefore, in the present study, we used a questionnaire asking about various symptoms to uniformly define cedar pollinosis and investigated the association between cedar pollinosis and all-cause and cause-specific mortality in a large cohort of Japanese men and women (the Takayama Study).

METHODS
=======

Study population
----------------

Participants in this study are cohort members from the Takayama Study, which is a population-based cohort study initiated in 1992. The design and methodology of the study have been described elsewhere.^[@r07],[@r08]^ All non-hospitalized residents aged 35 years or older in Takayama city in Gifu Prefecture, Japan were invited to participate in the study. A total of 31,552 persons (participation rate: 85.3%) completed a questionnaire on demographic characteristics, smoking and drinking habits, diet, exercise, education, and medical and reproductive histories. In July 2002, a second survey was conducted to update lifestyle and health-status information, including questions regarding cedar pollinosis. In this survey, the target population was restricted to those who were younger than 70 years old in 1992. After the exclusion of those who were deceased, physically unable to complete the questionnaire, or had relocated, the study population consisted of 22,435 individuals, of whom 14,975 (66.7%) responded to the second questionnaire.

For the present analysis, we excluded subjects who had reported a history of cancer (*n* = 629), coronary heart disease (*n* = 1,000), or stroke (*n* = 257) before the 2002 second survey, since the presence of these diseases could have affected their subsequent mortality. Furthermore, those who did not respond completely to the questions regarding cedar pollinosis (*n* = 723) were excluded. Hence, the population for the analysis consisted of 12,471 subjects (5,532 men and 6,939 women).

Cedar pollinosis assessment
---------------------------

The questionnaire regarding cedar pollinosis was developed based on that reported by Endo et al.^[@r09]^ Information was sought regarding four symptoms of cedar pollinosis: sneezing, nasal discharge, nasal obstruction, and eye irritation. Cedar pollinosis was defined as the existence of three of the four symptoms, with at least one symptom occurring in spring only. Before the second survey, this questionnaire had been validated through diagnosis by an otolaryngologist based on nasal discharge, nasal provocation test, intracutaneous test, and pollen-specific IgE positivity as the gold standard. The sensitivity and specificity were 0.80 and 0.65, respectively. The details of the questionnaire and its validity have been described elsewhere.^[@r10]^

Outcome ascertainment
---------------------

The deaths and their causes were confirmed using data provided by the Legal Affair Bureau, Japan. The causes of death were coded according to the International Classification of Diseases (ICD), 10th Revision. The major endpoint of this study was all-cause mortality. We also considered disease-specific endpoints, including neoplasm (C00--D48), cardiovascular disease (I00--I99), and respiratory disease (J00--J99). Information concerning individuals who moved away from the survey area was obtained from residential registers or family registers. During the study period, 216 individuals moved out of the survey area, and the date of emigration was unknown for one subject. This study was approved by the ethics board of the Gifu University Graduate School of Medicine.

Statistical analysis
--------------------

A follow-up period was calculated for each participant from the second survey (July 1, 2002) to the date of death, the date of emigration out of Takayama, or the end of the study (March 31, 2013), whichever came first. One subject who moved away on an unknown date was censored at the latest point when he was confirmed to live in the study area. The hazard ratios (HRs) and 95% confidence intervals (CIs) of all-cause and cause-specific mortalities according to cedar pollinosis status were calculated using the Cox proportional hazard model. The multivariate analysis was conducted using the covariates of age (years, continuous), sex (male or female), body mass index (BMI; \<18.5, 18.5--24.9, 25.0--29.9, or ≥30.0 kg/m^2^), physical activity score (continuous), smoking status (never, former, current little; ≤20 cigarettes/day, current much; or \>20 cigarettes/day), alcohol consumption (\<23, 23--46, or \>46 g/day), education level (\<8, 9--11, 12--14, or ≥15 years), marital status (married or not married), and medical history of diabetes and hypertension (yes or no). Physical activity was assessed by asking participants the average number of hours they had spent weekly to carry out various kinds of activities during the last year in a validated questionnaire, translated into a metabolic equivalent (MET), and summed to obtain a physical activity score (METs-h/week).^[@r11]^ Individuals missing information for these covariates were assigned an indicator variable in the analysis. As for alcohol consumption and education level, information from the first survey was used because we did not obtain those data in the second survey. The information on diet, including alcohol consumption, was derived from a food frequency questionnaire that had already been validated.^[@r12]^

For sensitivity analyses, we repeated the analyses after cedar pollinosis was redefined as a condition in which all four symptoms appeared in the spring. The sensitivity and specificity for the revised definition of cedar pollinosis were 0.32 and 0.98, respectively. All of the statistical analyses were performed using SAS programs (SAS Institute, Cary, NC, USA). Significance was defined as two-sided *P* \< 0.05.

RESULTS
=======

At the second survey, 19.6% of respondents (2,444 of 12,471) had cedar pollinosis. Table [1](#tbl01){ref-type="table"} shows the characteristics of the participants according to cedar pollinosis status. The mean ages of participants with and without cedar pollinosis were 57.5 (standard deviation \[SD\], 8.0) and 62.8 (SD, 8.9), respectively. On average, participants with cedar pollinosis were more likely to be younger, female, never smokers, and more educated than those without cedar pollinosis.

###### Characteristics of the Takayama cohort participants at the time of the 2002 second survey

  ----------------------------------------------------------------------------------------
  Characteristic               Participants with\   Participants without\           
                               cedar pollinosis     cedar pollinosis                
  ---------------------------- -------------------- ----------------------- ------- ------
  Sex                                                                               

   Male                        960                  39.3                    4,572   45.6

   Female                      1,484                60.7                    5,455   54.4

  Age, years                                                                        

   45--54                      1,148                47.0                    2,447   24.4

   55--64                      831                  34.0                    3,304   33.0

   65--74                      403                  16.5                    3,276   32.7

   75--80                      62                   2.5                     1,000   10.0

  Body mass index, kg/m^2^                                                          

   14--18.4                    139                  5.7                     733     7.3

   18.5--24.9                  1,866                76.4                    7,524   75.0

   25--29.9                    384                  15.7                    1,497   14.9

   30--40                      31                   1.3                     90      0.9

  Smoking status                                                                    

   Never                       1,549                63.4                    5,640   56.2

   Former                      518                  21.2                    1,843   18.4

   Current little              291                  11.9                    1,877   18.7

   Current much                76                   3.1                     606     6.0

  Alcohol consumption, g/day                                                        

   \<23                        1,723                70.5                    6,671   66.5

   23--46                      321                  13.1                    1,389   13.9

   \>46                        400                  16.4                    1,967   19.6

  Education, years                                                                  

   \<8                         136                  5.6                     1,620   16.2

   9--11                       897                  36.7                    4,133   41.2

   12--14                      1,143                46.8                    3,409   34.0

   \>15                        248                  10.1                    792     7.9

  Married                      2,185                89.4                    8,384   83.6

  History of hypertension      492                  20.1                    2,459   24.5

  History of diabetes          127                  5.2                     665     6.6
  ----------------------------------------------------------------------------------------

During the 10.75-year follow-up period, a total of 1,276 participants died from all causes. Among these, there were 504 neoplasm, 278 cardiovascular, and 181 respiratory deaths (Table [2](#tbl02){ref-type="table"}). Cedar pollinosis was associated with significantly lower all-cause mortality after controlling for age and sex; the HR was 0.75 (95% CI, 0.62--0.91) among those with cedar pollinosis compared with those without cedar pollinosis. After adjusting for all covariates, all-cause mortality remained statistically significant (HR 0.79; 95% CI, 0.65--0.95). Stratified analyses according to sex showed that the HRs of all-cause mortality among participants with cedar pollinosis were 0.81 (95% CI, 0.64--1.03) in men and 0.75 (95% CI, 0.55--1.04) in women. There was no significant association between cedar pollinosis and mortality due to neoplasm or cardiovascular disease. Cedar pollinosis was associated with a significantly reduced HR (0.38; 95% CI, 0.18--0.82) for death from respiratory disease.

###### Hazard ratios of all-cause and cause-specific mortality according to the cedar pollinosis status in the Takayama study, July 2002--March 2013

  ---------------------------------------------------------------------------------------------------------------------------
  Cause of death                                    Number\     Age & sex adjusted   Multiple adjusted^\*^                
                                                    of deaths                                                             
  ------------------------------------ ------------ ----------- -------------------- ----------------------- ------------ ---
  All causes                           Without CP   1,155       1.00                                         1.00          

  With CP                              121          0.75        0.62--0.91           0.79                    0.65--0.95   

  Neoplasms                            Without CP   446         1.00                                         1.00          

  With CP                              58           0.82        0.62--1.09           0.88                    0.66--1.16   

  Cardiovascular diseases              Without CP   250         1.00                                         1.00          

  With CP                              28           0.92        0.62--1.37           0.95                    0.64--1.41   

  Non-neoplastic, non-cardiovascular   Without CP   459         1.00                                         1.00          

  With CP                              35           0.58        0.41--0.81           0.60                    0.42--0.85   

  Respiratory diseases                 Without CP   174         1.00                                         1.00          

  With CP                              7            0.37        0.17--0.79           0.38                    0.18--0.82   
  ---------------------------------------------------------------------------------------------------------------------------

CI, confidence interval; CP, cedar pollinosis; HR, hazard ratio.

^\*^Adjusted for age, sex, BMI, physical activity, smoking status, alcohol consumption, education, marital status, and medical history of diabetes and hypertension.

*n* = 25,549 person-years for participants with cedar pollinosis and *n* = 101,937 person-years for participants without cedar pollinosis.

When we changed the definition of cedar pollinosis to one including all four symptoms occurring during spring, 976 respondents (7.8%) had cedar pollinosis. The decreased risk of all-cause mortality was also observed among people with cedar pollinosis (HR 0.58; 95% CI, 0.39--0.86). No one died from respiratory disease in the cedar pollinosis group.

Similar trends were also observed when we included subjects who had reported a history of cancer, coronary heart disease, or stroke. Cedar pollinosis was associated with a significantly decreased risk of all-cause mortality (HR 0.84; 95% CI, 0.72--0.99) and respiratory mortality (HR 0.56; 95% CI, 0.32--0.96). There was no significant association between cedar pollinosis and mortality due to neoplasm or cardiovascular disease.

DISCUSSION
==========

Using a symptom-based questionnaire on cedar pollinosis, we found that cedar pollinosis was associated with decreased risks of all-cause mortality and mortality due to respiratory disease in this population-based cohort. A previous prospective cohort study among 8,796 Japanese men and women found that subjects' self-report of pollinosis was associated with significantly reduced risks of all-cause mortality and death from neoplasms.^[@r06]^ The multiple adjusted HRs of pollinosis for all-cause and neoplasm mortalities were 0.57 (95% CI, 0.38--0.87) and 0.48 (95% CI, 0.26--0.92), respectively. Since there were no respiratory deaths in the pollinosis group, the association between pollinosis and respiratory deaths could not be assessed in that study. In this study, we confirmed an inverse association between pollinosis and all-cause mortality using the different definition of pollinosis status. In addition, for the first time, we detected a significantly lower risk of dying from respiratory disease among people with cedar pollinosis than those without cedar pollinosis.

Cedar pollinosis is classified as seasonal allergic rhinitis.^[@r13]^ Sakurai et al estimated that 81.0% of the allergic rhinitis reported by study participants was seasonal rhinitis, with symptoms evoked from February to May (the months of cedar pollination) in Japan.^[@r14]^ Although allergic rhinitis represents a global healthcare problem,^[@r15]^ to our knowledge, only two studies have examined the association between allergic rhinitis and mortality.^[@r16],[@r17]^ One study, the first National Health and Nutrition Examination Survey Epidemiologic Follow-Up Study, did not observe that hay fever, also known as an allergic rhinitis, was associated with mortality.^[@r16]^ Another study among the American population found that patients with physician-diagnosed allergic rhinitis had a significantly lower risk of all-cause mortality,^[@r17]^ which is similar to our results.

We have no immediate explanation for the potential mechanism underlying the observed inverse association between cedar pollinosis and all-cause and respiratory mortality. However, it has been reported that nasal mucus acts as a barrier against external pathogens and has antioxidant, antiprotease, and antimicrobial activities.^[@r18]^ Mucus from patients with allergic rhinitis showed an enhanced immune response.^[@r19]^ These findings suggest that cedar pollinosis might create a favorable immunological environment, which led to a decrease in the risk of respiratory mortality as well as all-cause mortality. The airway epithelium is thought to play a key role in the regulation of airway immune response.^[@r20]^ The environments of airway epithelium, such as phagocytes and cytokines in the secretions, also may have favorable profile to preserve the lung function in people with cedar pollinosis. Nonetheless, this is the first study to observe a significant inverse association between cedar pollinosis and respiratory mortality, and our findings require confirmation in additional study.

The strengths of our study include its prospective population-based design, a long follow-up period, and information obtained for several confounders. However, the present study has several limitations. Although we used the symptom-based questions about cedar pollinosis to reduce any selection bias that would occur using physician diagnosis, we cannot fully exclude the possibility that persons defined as having pollinosis were health-conscious, which might have contributed to the reduction in mortality. Additionally, considering the relatively low specificity of the questionnaire, some participants may be misclassified as "cases". However, the relationship between cedar pollinosis and mortality was not essentially altered after we adopted a definition with low sensitivity and high specificity. We accounted for past alcohol consumption, but not current consumption, in the second survey. Although the individuals' drinking habits may have changed since the first survey, the reliability of drinking at intervals of 4.5 years was reported to be excellent (Kappa value: 0.85).^[@r21]^ Thus, it is unlikely that the association between pollinosis and mortality would have been largely changed by the adjustment for past alcohol consumption. The response rate in the present study was not very high, and our results were derived from only one community. Therefore, these results might not be readily generalized to the whole of Japan. In addition, the sample size was too small to permit a more detailed division of causes of death, which might have permitted us to gain a better understanding of the observed associations.

In conclusion, we found an inverse association between cedar pollinosis and all-cause and respiratory mortality. Although our findings suggest that cedar pollinosis might have implications for longevity, further research is needed to evaluate the impact of cedar pollinosis on mortality and, thereafter, to determine the possible mechanisms underlying the association between cedar pollinosis and mortality.
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